Abstract-A simple PS adaptive integral sliding mode controller is designed for the pitch channel linear model of supersonic missile firstly. In order to improve the performance of the proposed method, two improvements also proposed. Finally, a hybrid PISS adaptive control is formed which contains proportion control, integration control, the sign function adn soft function. Also nurmerical simulations are done to the testify the above theory. And it shows that both the proportion control and sign function control methods are unable to achieve a satisfactory performance for supersonic missile system. And the integration of soft function , integral control item and proportion control can solve the chattering problem and static error problem. At last, simualtion figures shows that the PISS mehtod also has a strong robustness, which is testified by increasing or decreasing air-coefficients of the missile system .
I. INTRODUCTION
Recently, the control of supersonic missiles are investigated widely by researchers all over the word [1] [2] [3] [4] [5] [6] . The control system of missiles described by the differential equations have strong nonlinearities and time varying characteristics. A traditional way to design the autopilots is to linealize these equations under different flight conditions, then to apply linear design techniques to the linearized models and finally to schedule the control parameters according to different flight conditions and states [7] [8] [9] [10] [11] [12] [13] [14] .
However, this so-called gain scheduling method is a tedious procedure. All the models described under different flight conditions should be designed one by one. Furthermore, it does not give an optimal solution nor guarantee stability robustness of the whole trajectory. Also, the assumption of the uncertainties and model errors are not considered sufficiently.
As the development of high technology and the demand of high ability for the aircraft , high speed is a new trend in the following 20 years. As the speed of aircraft increase, it is key technology to improve the robustness of the control system [15] [16] [17] [18] [19] [20] [21] . This is not only because of the requirment of the stable flying but also because of the demand of high accuracy guidance in its terminal flight stage. But it is very difficult to make some great breakthroughs in tradtional PID control strategy . So some new nonlinear control strategies will be discussed more and more in the future. This paper is born due to the above background and a novel PISS control strategy is proposed and some improvements are introduced in order to improve the performance of the control system. It is a long road before us to conquer the control of high speed vehicles so this work is only a begain and no more than a good try and it is far from enough.
II. MODEL DESCRIPTION
Taking the model of pitch channel of anti-ship missile for a example, the air dynamic of missile pitch channel system can be written as follows:
the definition of symbols can see ref [6] . A theorem in paper [6] shows that any linear feedback control law that can stabilize the linear approximate system can also stabilize the original nonlinear system only if the linear approximate system of the nonlinear system is gradual stable. So we can research the linear approximate system and then we can find a control law that can stabilize the original nonlinear system. The linear approximate system can be described as follows: 
The control objective is to design a control u such that ( , )
Define a new variable as 
Define a sliding mode surface as
Define a variable as 
Assume there exists big enough parameters such that
Design a varable sturcture control law with proportion item and sign function as 
Choose a Lyapunv function as
If choose proper parameters
So the system is stable. To verify the rightness of proposed method, take a kind of supesonic missile as an example to do numerical simulation. And the control strategy is designed as the above context. The simulation result of the simple PS integral sliding mode control can see below figures. Figure 1 to Figure 4 are simulation results of using only proportion control strategy. Figure 1 shows the overload of the system, the rise time is 5s and there exists chattering phenomenone. Figure2 shows the angle velocity of missiles and the rise time is 4s. The curve is also not very smooth. Figure 3 shows the attack angle and there is serious chattering problem so it is not satisfactory. Figure 4 shows the control signal. So the system is stable but the dynamic performance is not good and chatter problem is appeared. And the following figure5 to figure 8 are the simulation result of using only sign function method. Figure 5 shows the overload of the system, the rise time is more than 15s. Figure 6 shows the angle velocity or the speed of pitch angle . The response is also very slow. Figure 7 shows the attack angle of missile. The desire value is 1/57.3 degree. Figure 8 shows the control signal of the system , it can also be called the input of the system . In fact, it is the actuator of the missile.
According to the above figures, it is obvious that the control effect is bad and the system is almost unstable. So both sign function and proportion control is used and the simulation results can see figure 9 to figure 12. Figure 9 show the overload of the system and the rise time is about 3 s. Figure 10 shows the pitch angle speed of the missile system. Figure 11 shows the attack angle of the missile and there still exist chattering problem. According to the above simulation results, it can make a conclusion that the dynamic performance is improved with the sign function and proportion control strategy. But it is still unsatisfactory because there is chatter phenomenon. So a kind of PISS method is proposed below to solve the chatter problem. . (17) With the same analysis and choose the same Lyapunov function, it is easy to get 0 ss  .
In order to reduce the stable static state error , an integral item is introduced into the control law, then a PISS control law is formed , where'P' means proportion control, ' I' means integration control, first 'S' means the sign function, the second 'S' means soft function. The hybrid control law can be written as 
It is easy to prove that 0 V  . (21) So the stability of the control system is proved. Figure 13 to figure 16 show the control effect of PISS control law. Figure 13 shows the overlaod of the system and Figure  14 shows the angle speed of pitch angle of missile. And the response speed is very quick. Figure 15 shows the attack angle of the missile system and it is smooth after 5s. Figure 16 shows the control of the system, and it has oscillation for the first 2 s.
According to With proportion item, sign function item and integral control item, the control effect is much better than the simple PI control strategy.
In order to test the robustness of the PISS control strategy, the aerodynamic coefficients are increased or decreased. Figure 17 to Figure 20 are the simulation results with aerodynamic coefficients decreased 50%. Figure 17 shows the overload of the system and the rise time is 3 sec. Figure 18 shows the angle speed of the missile system and because of the decrease of the air-dynamic coefficients, so the system responds slows than it is normal situation. Figure 19 shows the attack angle of the missile system and rise time is about 2s or 3s. Figure 20 shows the input of the system and it is very smooth.
According to the above figure 17 to figure 20 , the response speed is slower when the dynamic coefficients are decreased and the system is still stable. Figure 21 to figure 24 are the control effect of the situation that all dynamic coefficients are increased 50%. Figure 21 shows the overload of the system and figure  22 shows the angle speed of the missile system. The rise time is less than 1s. Figure 23 shows the attack angle of the missile system and there exists oscillations in first 1.5s. Figure 24 shows the control of the system, and oscillations become stronger as the air-coefficients increase. That is because the increase of the aircoefficients is equivalent to the increase of control gain so the response is quicker and also oscillations increase.
According to the above simulation result, the system is still stable on the situation that all air-dynamic coefficients are increased 50%. And a conclusion can be made as follows: the PISS control strategy can adapt to the variance of air-coefficients and it has strong robustness.
V. CONCLUSIONS
Since there are uncertainties in actual systems, many kinds of control law were designed based on mathematical models, but it is difficult to build an absolute accurate model for any control object, especially for many complex nonlinear systems. There are some uncertainties that can not be described by any function and formula that we already know. So it is meaningful and necessary to research the robustness of a control strategy.
In this paper, a integral type of sliding surface is constructed with the error of overload and the integration of error and the angle speed signal with the consideration of the pitch channel simplified model of supersonic missile system,. Base on the linear sliding mode, a simple PS adaptive integral sliding mode controller is designed.
In order to improve the performance of the proposed method, two improvements also proposed. Finally, a hybrid PISS adaptive control is formed which contains proportion control, integration control, the sign function and soft function.
Most important of all, the robustness of the proposed method is testifed by increasing and reducing the aircoefficients of the missiles system. And numerical simulation shows the robustness of the proposed method.
